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I NTRODUCTION 
Ribonuclease (RNase ) has been u�ed to study phenotypic differences 
between freeze-resistant and susceptible cultivars of winter barley. 
Kenefick et al. (26) and Johnson et al. (23) have demonstrated that 
RNase I activity is greater in freeze susceptible than in freeze 
resistant cultivars. Hawthorne et al. (21) used rocket 
immunoelectrophoresis to quantitate RNase levels of 4-day seedlings 
from a freeze resistant and susceptible cultivar. He reported that 
both cultivars of barley contained equal amounts of RNase. However, 
when RNase from each cultivar was assayed, enzyme from the susceptible 
cultivar showed a higher hydrolysis rate compared to RNase from the 
resistant cultivar, indicating that the difference in activity was a 
catalytic property of the enzyme. 
Initial procedures for the extraction of RNase from 4-day barley 
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seedlings in this laboratory used 0 . 4 M KCl (27). Wong (50) also used 
this salt to extract RNase from the same tissue and was able to isolate 
two peaks of RNase activity by gel filtration. He showed the earliest 
eluting RNase peak to contain less enzyme than the later emerging major 
peak (RNase I). Hawthorne (21) developed antibody to RNase I ,  using 
the extraction procedure described by Wong (SO), and showed it to be 
cross-reactive with the first eluting RNase peak (unpublished results ) .  
Bunkers (6) changed to ( NH4 ) 2so4 precipitation in purification for 
improved recovery of the enzyme and subsequently found that 0. 6 M 
(NH4)2so4 in the extraction instead of 0 . 4  M KCl also increased yield 
of both RNase I and II. He also reported that addition of Triton X- 1 0 0  
in the column chromatography steps after tissue extraction was needed 
to maintain RNase recovery, suggesting the presence of hydrophobic 
sites on the enzyme. Bunkers subsequently showed the first eluting 
RNase peak from gel filtration to be a glycoprotein based on its 
affinity for Concanavalin-A Sepharose 4B ( Con-A ) . The Con-A bound 
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RNase had a pH optimum of 6.2, consistent with characteristics of RNase 
II (48). By contrast, the slower eluting peak in gel filtration did not 
bind to Con-A and had a pH optimum of 5 . 5 which is reported for RNase I 
(48). RNase II also showed characteristics of a glycoprotein in that 
it had a broad banding pattern on SDS-PAGE gels with a molecular weight 
in the range of 3 6 , 00 0  to 40 , 0 0 0 , as compared to RNase I which showed a 
faster migration rate (MW 2 0 , 00 0  to 2 2 , 000 ) . 
Pietrzak et al. (34) used the Ouctherlony method to show cross­
reactivity of antiRNase I I  with both RNase I and II purified from 
barley seed. This information indicates that RNase I and II  have a 
common determinant site, suggesting a similar amino acid backbone and 
genetic origin. Baynes and Wold ( 3 ) have shown RNase A and RNase B to 
be interchangeable in the blood, suggesting that RNase in animals is 
also derived from a common metabolic pool. 
The glycosylated ( RNase I I) and non-glycosylated ( RNase I) forms 
of RNase appear to b� programmed for specific locations within cells. 
Wilson (48,49) reported that RNase II, isolated from Zea mays, is bound 
in the microsomal fraction. Nishimura and Beevers (32) reported 
soluble RNase to exist in isolated vacuoles of castor bean endosperm. 
Butcher et al. (7) describe mature vacuoles isolated from �rotoplasts 
of Hippeastium flower petals that contained a RNase which had a pH 
optimum characteristic of RNase I. Lusher and Mantle (29) have also 
identified RNase as a soluble acid hydrolase in vacuoles of 
Acetobularia. 
Chrispeels and Varner (11) demonstrated that incubating barley 
aleurone layers in gibberellic acid ( GA 3 ) resulted in the secretion of 
RNase, implicating it as a secretory protein. Ho and Varner (22) 
reported that abscisic acid (ABA) inhibited the GA3-enhanced synthesis 
and secretion of RNase, with simular effects on alpha-amylase in 
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barley aleurone layers. Thus, if RNase I and I I  do originate from the 
same genetic code, then evidence suggests that these enzymes ar� 
synthesized, processed, transported and secreted via the endomembrane 
system. Harris (19) indicates the major components of the endomembrane 
syste� of higher plant cells to include the endoplasmic reticulum (ER), 
the Golgi apparatus (GA), and their transition elements. 
Increases in RNase activity have been associated with disease (8), 
drought (2) , light (1), hormone regulation ( 11 , 13 , 3 1 , 37 , 4 6 ) , mechanical 
damage ( 3 5 ) , and senescence ( 4 , 4 0 , 4 3 ) . Generally, these reports have 
not distinguished wheather changes in RNase activity are due to 
synthesis of new enzyme or alteration of a precursor protein. Pitt 
( 3 5 ) concluded that increase in lysosomal RNase activity, due to 
mechanically damaged potato tubers, resulted from activation of pre­
formed enzyme. 
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Schekman ( 41) reviewed the characteristics of two general groups of 
temperature sensitive
-
pleiotropic secretory mutants in yeast which have 
also been shown to contain compartmented and pre-formed inactive 
secretory proteins. Class A sec mutants accumulate molecular 
intermediates of secretion at different sites along the endomembrane 
system. Whereas Class B sec mutants have been shown to accumulate 
enzymatically inactive forms of enzyme in the endoplasmic reticulum. 
These yeast data show a parallel with observations on RNase in barley 
tissue, in that the original procedures for extracting RNase in this 
laboratory with 0. 4 M KCl may have not completely extracted RNase, as 
implicated by Bunkers' data (6). Thus, compartmentization of the 
enzyme, such as that seen for �A mutants, is one explanation for 
differences in enzyme recovery between winter barley cultivars. 
This research was initiated to obtain additional information about 
the causes for phenotypic variation of RNase I activity within winter 
barley cultivars. Unpublished data from this laboratory shows that 
antibody produced from RNase I obtained from two cultivars was mutually 
cross-reactive with antigen from the two cultivars of winter barley. 
The difference seen in RNase I activity between cultivars which can not 
be explained by the amount of RNase present may have simularities to 
that of inactive or incomplete forms of certain enzymes found in � B 
mutants. Ferra-Novick et al. (15 )  reported such sec B mutants as having 
early inactive forms of invertase, carboxypeptidase, and alpha-factor 
that accumu lated due to incomplete penetration into the ER lumen. They 
also reported that these enzymes were not extractable by Triton X-100. 
-
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Since antiRNase I was also cross-reactive with RNase II ( 34) and 
was found to be a glycoprotein ( 6 ) ,  it is proposed that RNase I is 
post-translationally modified to form RNase II; a process completed in 
the endomembrane system ( 16 ) . It is also proposed that export of RNase 
occurs via the endoplasmic reticulum�Golgi complex. Based on these 
assumptions it was of interest to determine if applications of GA3 
would cause differential secretion of RNase I or II from resistant and 
susceptible tissue, or somehow reflect different export programs, 
accounting for variation in enzyme content between the cultivars. The 
objectives of this study were: 
Objective 1 :  To evaluate the effect of exogenous GA3 on RNase 
in leaf tissue and the forms of RNase secreted from this tissue. 
Objective 2: To compare tissue levels and secreted amounts of 
RNase between a freeze-resistant and susceptible cultivar in 
response to an antagonist of endogenous GA3. 
Objective 3: To evaluate the effects of tissue desiccation on 
tissue ABA accumulation and RNase levels between a r�sistant and 
susceptible cultivar. 
Objective 4: To determine if alteration in RNase activity, 
resulting from changes in tissue ABA, would influence polynucleotide 
specificity. 
�ATERI ALS AND METHODS 
P lan t Ma te ria l :  S ee d s  o f  Ho rd e um vulgare  L. cv. 'Herb' (f re eze 
res i s tan t ) and 'W in t e r  Ma l t' ( f reeze s us cep t ible ) were ge rm ina ted on  
blo t t ing pap e r  sa t u ra ted  w i th 0. 1 mM CaC12_s o l u t ion. Seedl ings were  
g rown f o r  6-days in t he d a rk at  25°C. S ho o ts  o f  6-day s eed lings w ere 
e xc i s ed a t  the p o in t  o f  emergence f rom the s eed. The co leop tile and 
lea f were t hen s ep a ra ted- by gen t ly p u l l in g  the e xp o s ed p r i ma ry l eaf 
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f ro m  the s ur round ing c o l e o p t i l e  t i s s ue. When co ld accl ima ted  tis s ue was 
us ed i t  was g rown f o r  5 days  i n  the da rk a t  25°C and then t rans f ered to  
the  accl i ma t ion chambe r for  4 weeks at  2-4 °C. 
S te r i l iza tion and Incuba t i on : All g la s s wa re and gla s s -d i s til led 
wa t e r  was a u toclaved. Inc uba t ing  s o lu t i on s  u s e d  t o  floa t lea f t i s sue 
we re s te r i l ized by s uc t ion through a Mil l i p o r e  fil t e r ing appar�tus  
conta in ing a 13.8 cm2 f i l te r  (0.4 5 m i cron p o re s ize ). The s e s te r i l ized 
s o l u t i ons and g las swa re w e re s to re d  und e r  a UV lamp in a va cuum hoo d  in 
p repara t ion for  ea ch e xp e r imen t. 
T i s s ue s amp les w e re s ur face s te r i l ized by was h ing 3 m i n  in 70% 
e thano l , 1 0  min in 1 0% c o mme rc ia l  b lea ch , and  r ins ing 3 t imes with 
s te r i le wa t e r. Ind i vi d u a l  2- g ram s a mp le s  of e i the r  lea f or col eop t i le 
t i s s ue we re t rans f e rred to  p e t r i  d is hes in a va cuum hood. Thes e 
s a mp les were incuba ted fro m 6 to  3 6  hrs w i th one o f  the f o l lowing 
s o l u t ions : (A) 20 mM 2(N-mo rp ho l�no ) e than es u l fo n i c  a c id (MES ) b u f f e r  pH 
5 . 5 , (B) 0 . 1 ��ABA in s o l u t ion A, (C) 0.1 mM d in i t ropheno l  (DNP) i n  
s o lu t ion � '  o r  ( D )  0. 1 o r  1 mM GA3 i n  e i ther  s o l u t ion A 6r B.  Al l 
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t i s s ue s amp les we re incubated in a to ta l  vo lume o f  2 0  ml . 
Dup l i ca te tis s ue samp l es were used f or s tudy ing the eff e c t  of l ig h t  
o n  ABA res p ons e s . Compa r i s on s  we re made b e tween t i s s ue incubated unde r 
labo ra tory l ight vs. dark cond i t ions . Al l incuba ted s amp l es in t h i s  
s tudy were ?laced o n  a ro tat ing s haker (6 0 cycles m in- 1 ) .  Af ter  t he 
des igna ted in cuba�ion p eriod , t i s s ue s amp les we re b lot -d rie d  w i th 
K imw ip e s  and imme d iate ly fro z en .  Incubated samp les �e re ind i vidual ly 
w rap ped in a doub le layer o f  a l um inum fo i l  and f rozen i n  c ru s hed d ry 
ice for  15 min . 
Tis su e Extrac t ion : The fro z en samp l es  were p u lve r ized w ith a co ld 
morta r and p es t le and t ran sfe red to 30 ml tes t tub es mai n t a ined in 
crus hed i ce . A l l  samp les we re warme d to 0°C before con t inu ing w i th the 
ext rac t ion . Each samp l e  wa s fur t he r homogen ized by s us p end ing the 
t is s ue w i t h  a Te f lon p e s t le in 9 ml of p rech i l led extiac t ion  b u f f e r  
(SO mM MES , p H  6.5) con tain ing 6 00 mM ammonium s u l fate , 250 m� s u c ros e ,  
20 mM�magnes ium ace ta te , and 5 �� 2 -me rca p toetha no l . The s us p ended 
s a mp les were then f i lte red through a s ingle layer  o f  M i r�cl o th f i tted 
to a 48-mm -d iame t e r  Buchne r funne l .  Ind iv idual t i s s ue ext ra cts we re 
cent r ifuged at 1 4 4, 000g (0°C )  f o r  2 . 5 hr in a mode l 40 roto r using a 
Spinco L-2 ult ra cent r i fuge . Af t e r  ce n trifugat ion , the solub le 
s up ernatan t was fu rt her p ro ce s s ed for RNas e i s o lat ion. 
Column Chroma tography : Each s amp l e  was desalted us i ng B i o-Rad P6-
DG in a 1 x 55 em column . All- d es a l t ing columns were equ ilibra ted w i th 
50�� Tris/HCl ( pH  7 . 4), and 0.0 1 %  Tri ton X- 1 00 . Pro t e in was elu t ed 
w i th the s ame b u f f e r  and p rote i n  p eaks were d e te c ted by A280 abs o rbance 
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us ing a Be ckman DU- 5 0  s p e c tr o p hotome te r .  
T he bed vo lume f o r  t he C on - A  s tep was 1 . 0 x 1.5 em . Each col umn 
was equ i l ib ra ted w ith Con-A buf f e r  (SO mM T r is / HCl , pH  7. 4), conta i n ing 
0 .0 1 % Tri ton X- 1 00 and 0.1 mM each o f  MgC12 , Mnc12 , and CaC12• Sa mp les  
we re app l ied to the Con-A c o l umns  and. the  unbound RNa s e  fra c tio ns we re 
eluted by was hing  ·the co l umn w i th Con-A equ i l ib rat ion buff e r . T he 
bound RNa s e  fra ct i ons  we re e l uted by us ing SOO mM alpha -methy l -0-
mannopy rano s ide (S igma ) - . Al l o f  the above p roce dures �e re p e r f o rmed at 
2°c .  
RNas e in the inc ubat ion med ia was f i rst concentrated by ion­
exchange chroma to g raphy w ith OEAE-S e p ha ro s e  before be ing p a s s ed through 
C on-A . The bed vo l umes for OEAE we re 1 x 2 em . The DEAE co l umns  were 
equ i l ib rated w ith SO mM T r i s / HCl (pH  7 . 4 ) , conta in ing 0.01% T r iton X-
100. A 2 -ml sample was app l i ed to each col umn and wa s was hed w ith SO ml 
o f  equ i l i b ra t ion b u ffe r . T he p ro t e i n  frac t ion contain ing RNa s e  was 
e l u ted-w i th SOO mM KC l .  
R ibonuclea s e  As s ay s : RNa s e a c tivity was dete rmined by the T uve and 
Anf ins en p ro cedure (4S ) w i th the f o l l ow ing mod i f i cat ions . T he as s ay 
s o l u t ion cons is ted o f  SO mM p o ta s s i um acetate (pH  S.S), 1 6 0 m� KC l ,  4 
mM EDTA, 4 mg o f  yeast RNA (H o l ly p repa rat i on, S igma ) , and 0 . 2 ml of 
the ext ra cted p rote in s amp le . T he f ina l vo lume of the a s s ay s o l ut io n  
wa s 2 . S ml . As s ays  s o l u t i ons w e re incubate d at 37°C for e ithe r 3 0  o r  
6 0  m in . Af te r  the incubat i on p e r iod , the rea ct ion wa s coo led to ooc 
before stopping the as s ay with O.S ml o f  2 5 %  pe rchl o r i c  a c i d  co nta ining 
0.75 %  u rany l aceta te . Aft e r  cent r i fugat ion at 2 , 200g_ f o r  10 m in a t  
0°C ,  the s up e rna ta n t  wa s d i l u t e d  2 0- f o ld w i th do uble-g las s -d i s til led 
·wa ter and the a c id -s o lub l e  n u c l e o t id e s  were meas ured at 26 0  nm . 
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Calculat ions for the uni ts of a ct iv i ty/mg p ro te in ha ve been 
d e s cr i bed by W i l s on ( 4 8 ) , whe re a s tandard unit o f  e nzyme is  d e f i ned as 
g i ving an  A2 6 0  of 1 . 0 m i n
- 1  mg  p ro te in- 1 for  the ac id-s o l ub le 
nucleo t ides raleas ed. Bunkers (6) modified this calculation to a c co u nt 
for  a tota l as s ay vo l ume o f  2 . 5 ml  + 0.5 ml stop reagen t .  For pu rpo s e s  
o f  this report "re la t ive activity" will be used to compa re RNase 
a c t i vity be tween s amp le s ,  whe re res u l t s of as s ays we re s tanda rd i z ed and 
exp res sed on a mg protein bas i s .  
The p olynu cleot ide  a s s ay s  f o r  RNase activity were the same as  
d es c r i bed above, excep t that 0.5 ml (0 . 18 to 0.28 mg) of soluble protien 
�as used in the rea ct ion. T he s ub s t ra te cons isted of 2 mg of either 
5'-p olyadenylic a c id (Po ly-A) , 5'-polycytidylic a c id (Po ly-C), 5 '­
p o lyguany l i c  a c id  (Poly-G), o r  5 '-p o lyuridy l i c  a c id (Poly-U), a l l  
obta ined from Sigma in  the po tass ium salt form. 
Units of activity for the rea c t ion w ith Poly-A and P�ly-U were 
ca lcu lated f rom A2 60 values, whe rea s the units of ac tiv ity fo r the 
rea ction with Po ly-C and Po ly-G were ca lcu lated from A2 80 and A250, 
res p e ct i ve ly ( 34). Tota l protein val ues we re d·e te rm ined by the B radfo rd 
(5) method. Bovine serum albumin wa s used as the standa rd . 
Abscisic Acid Extaction , Me thy lat ion and Oetermination: Six-day 
s hoo t tis sue was excised and separated from the c oleoptile as 
previously described. rwo-gram s amples  of leaf tissue were allowed to 
desiccate under norma l l ab o rato ry cond itions for 3 hrs. The leaf 
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samp les w e re then p laced in  p las t i c  bags and he ld an add i t i onal 3 hrs 
i n  the d a rk a t  25 °C .  Af te r t he d es i red des icca t ion and hold i n g  p e r i od , 
the samples we re f r ozen in d ry i c e  f o r  1 5  m i n  and lyop h i l ized to 
dryness f o r  dry w e i g h t  de te rm i na t i on .  
ABA was ext ra c ted as d esc r i b e d  by · Do rffl ing and Die tma r  ( 1 4 )  w i th 
sl igh t  mod i f i ca t io�s . Dry lea f samp les �e re p ulve r ized in a mo r t a r  a nd 
p est le, t ransfe red to 30 ml  test tubes, and tw ice ext rac ted wit h  2 0  ml 
o f  80% me thano l (F ishe r Sc i en t i f i c )  c onta in ing 2 0  mg/L of 2-b u t y la t e d  
hyd roxy tol uene (Ko p p e rs Che m i cal C o . )  as an  an t i ox idan t .  Samp l es w e re 
i n te rmi ten t ly homogen ized ove r a 3 0 -m i n  ext ra c t ion p e r i od , us ing a 
T e f lon p estle . Extrac ts w e re f i l t e red  through  a Wha tman
#
1 f i l t e r  pape r 
i n  a 48-mm-Buchne r f unne l . The samp les w e re evap o ra ted � v a c u o  a t  
3 5°C and then adjusted t o  p H  9.0 w i t h 1 0  m l  o f  1 %  NaHC0 3• T he sa mp les 
we re washed 3 t i mes w i th a n hyd ro us d ie t hy l  e the r (C u r t in Ma theso n I nc )  
using a sepa ra to ry f unnel . The d i e thy l e the r washes were d isca rded and 
the wa ter-so l ub l e  f rac t i o n , w h i c h  c o n ta ined the ABA , '�as f ilte red 
through Wha tma n
#
1 f i l t e r  pap e r  to  r emo ve p i gme n ts .  S amp l es w e re then  
washed 3 t imes by  p hase sep a ra t io n , usi ng e thy l ace ta te (Fishe r 
Sc ientif ic ) .  AB A was ex t ra c ted  f rom the wa te r solub l e  f ra c t i on by 
l ow e r ing  the p H  to 3 . 0 and wash i n g  3 t i mes wi th e thy l a ce ta te , each 
t i me the ABA pa r t i t ioned in to the o r ga n i c  p hase . Lowe r ing the pH 
pro tona tes the ABA and thus allows i t  to f ra c t iona te into the n o n p o l a r  
e t hyl a ce ta te . The e thyl a c e ta te f rac t ions we re p ooled a nd washed once 
wi th do uble glass-d is t i lled wa te r to remove a ny rema in ing o rga nic 
m i ne ral ac ids wh ich could i n t e rf e re w i th the de r i va t iza t ion p r ocess. 
ABA samples were reduced to 1 ml under N2 at 50°C. The samples 
were then methylated by reacting the� 15 minutes with etherial 
diazomethane (42). Diazomethane was synthesized from DIAZALD 
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(Aldrich), which was a generous gift of Dr. D. Matthees, South Dakota 
State University. Ether was removed from �he samples under N2 at 50°C 
and the remaining sample was diluted to a final volume of 10 ml with n­
hexane (Fisher Scientific). All solvents used in this procedure were 
HPLC grade. Both ABA extraction and methylation were carried out in the 
darkness or under dim light to reduce isomerization of ABA due to UV 
light. 
ABA was quantitated by GLC, using a Varian 3700 gas chromatograph 
equipped with a [63Ni] ECD. A 6' x 4 mm ID column containing 3% Sp-
2 100: on 100/ 120 mesh supelcoport (Supelco Inc) with N2 as the gas 
carrier. Column conditions were: oven temp 200°C, injector temp 230°C, 
ECD temp 350°C. Peak areas were obtained by injecting a 3 microliter 
sample�of the methylated extract into the gas chromatograph. The 
standard recovery of ABA (Sigma) from tissue samples spiked with a 
standard ABA amount was 70%. ABA data in this report was adjusted for 
this loss. 
Statistical Evaluation: In this report "significant" will be used 
only to refer to data which was shown to be statistically significant 
at LSDo. os· 
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RESULTS AND DISCUS S ION 
RNa s e  Ac t i vi ty in Re s p ons e to GA3 and ABA :  P re l im ina ry exp e r iments 
to a lte r t i s s ue RNa s e  o r  caus e s e c re t ion of  the enzyme f rom lea f t i s s ue 
o f  the f re e z e- re s is tan t  c u l t i va r  incuba ted in GA3 we re uns ucce s s f u l . 
S inc e Ho and Va rner (22) rep o r ted ab s c i s ic  a c i d  (AB�) to be an 
an tagon i s t  of GA3 in the ba rley aleu rone laye r ,  it was als o us ed  as  an 
antagon i s t in s e ve ra l  ot the s e p re l imina ry e xp e r iments . Tho s e  t iss u e  
s amp les which were inc uba ted i n  both GA3 and ABA, o r  i n  ABA alone , 
s howed a s ig n i f i can t inc rea s e  in t i s s ue RNa s e  a c t i vtty ( Fig 1) a s  
comp a red t o  tho s e  incuba ted w i tho u t ABA. Tis s ue f loa ted in GA3 s howed 
no d i f fe rence in the s e c re t i on of RNa s e  into the incuba t ion media 
compa red to  tiss ue incuba ted 20 hrs in MES bu f fe r  (0.11 vs 0.10 un i t s 
o f  a ct i v ity , respectively ) . The re wa s a l s o  no d i f fe rence be tween 
amo un t s  of  RNas e ( de te rm ined by act i vity mea s u remen ts ) s e c reted f rom 
t i s s ue-f loa ted on ABA, or ABA p l us GA3 for  20 hrs ( bo th s how ing 0.14 
un i ts o f  a c t i v ity ) . Howeve r , the re was a s ign i f i cant d i f f e rence s een 
be tween the s ec ret i on of RNas e f rom t i s s ue incuba ted in ABA as comp a red 
to t i s s u e  incubated w itho ut ABA (0.14 vs 0.10 un its o f  a ct i v i t y, 
res p e c t ive ly ) . 
The s e  res u lts appea r to ind i ca te that ABA, �nd not GA3, is  the 
agen t which  st imu lated a lte r� t ions in RNas e � ct i v i ty f rom lea f t is s ue .  
Pou l s on and Beeve rs (36)  and Oe· Leo and S ache r  (13) a ls o  re po r te d  
endog eno us a lte ra t ions in  RNa s e  � ct i v ity d u e  t o  incubat ion o f  e xc i s ed 
lea f t i s s ue in ABA. Thus , it appea rs that ce l l s  invo lved in s eed  
storage and germination, such as the barley aleurone layer, are 
programmed to stimulate RNase activity and secretion by GA3, whereas 
excised leaf tissue was stimulated by ABA to alter RNase activity and 
secretion. Increases in RNase activity within leaf tissue, due to 
incubation with ABA, were associated with the ability to secrete RNase 
from the tissue. However, �Nase acti�ity in the incubation media may 
not be a true representation of the level of RNase secreted over a 20-
hr period, since a time-decay loss in this enzyme may have occurred. 
Increases in RNase activity within the tissue, and especially the 
secretion of this enzyme, indicate that �BA is either directly or 
indirectly affecting the endomembrane system. 
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Affects of ABA Concentration on RNase Activity: Figure 2 shows 
that over a 28-hr test period the maximum increase in RNase activity 
occurred within leaf tissue of the resistant cultivar when incubated in 
1 0-4M AB A. The results show a significant increase of 33% !n_leaf 
RNase activity compared to tissue incubated 28 hrs without AB A. 
Accompanying this increase of RNase activity in tissue over the time­
course was secretion of enzyme into the incubation media, ·which was 
positively related to ABA concentration (data not shown). There was 
also a concomitant increase in secreted proiein with progressively 
higher ABA levels (Fig 2), which tends to imply a direct affect of ABA 
on membrane stability but without effect on the release of RNase. The 
results show evidence for either synthesis of new enzyme, activation of 
pre-formed enzyme, or selective retention of RNase activity. 
AB A Incubation Time vs RNase Activity: when incubated in 10-4 M 
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ABA, leaf tissue from the resistant cultivar showed a significant 
increases in RNase activity for all test intervals over a 36-hr period 
as compared to leaf tissue incubated 28 hrs without ABA (Table 1). The 
maximum increase in RNase activity in leaf tissue occurred after 20 
hrs, which represented a 40% increase in activity over that of tissue 
incubated without ABA. 
�Nase activity was also measured in the incubation media over a 36-
hr period (Fig 3). Increases in secreted RNase appear to be positively 
associated with increases in RNase activity withi� leaf tissue over the 
first 20 hrs of incubation with ABA. However, after the first 20 hrs 
of incubation the secreted level of RNase remained constant for the 
next 12 hrs. Increases in RNase activity, along with concomitant 
increases in secretion of RNase such as those reported here� may 
indicate synthesis of new enzyme. Senescing morning glory flowers 
incubated in o2o incorporate the isotope into RNase (4) indicating 
syntheais of new enzyme. Increases in RNase from senescing Rheoe leaf 
sections have been reported to be blocked by inhibitors o� RNA and 
protein synthesis (40). Since senescence of tissue is generally 
associated with elevated levels of endogenous ABA (10), it is apparent 
that de � synthesis of new enzyme could account for increased 
activity in situ and also for the secretion from barley leaf tissue. 
In contrast to leaf samples, excised coleoptile tissue showed no 
difference in RNase activity over a 36-hr incubation period with 10-4 M 
ABA (Table 1) . However, the coleoptile samples which were incubated in 
ABA showed an increase in protein content with6ut an associated export 
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into the medium. Coleoptile tissue incubated 12 hrs in ABA resulted in 
the most significant increase in protein compared to coleoptile 
incubated 28 hrs without ABA (0.37 vs 0.44 milligrams of protein/ ml). 
In this laboratory coleoptile has been shown to stop growth 4 days 
after germination (unpublished data). The information reported here 
appears to indicate that ABA stimulates protein synthesis in 6-day 
coleoptile tissue. 
Type of RNase Activity Stimulated by ABA: Based on Bunkers 
information (6), that RNase II can be separ�ted from RNase I using Con­
A, the purpose of this test was to determine which form of RNase 
accumulated within tissue, and which was secreted from tissue into the 
incubation medium as a result of ABA treatment. The results clearly 
indicate that increased RNase activity within the tissue (Table 2), and 
that secreted from the tissue (Fig 3 ) , were due only to shifts in RNase 
I. 
Table 2 shows that coleoptile contains approximately equivalent 
amounts of RNase I and II. If ABA caused increased permiability to 
membranes one might expect to see leakage of both RNase I and II from 
the coleoptile tissue. However, there was no detectable increase in 
RNase activity found in the coleoptile bathing media which was 
concentrated on DEAE and passed through Con-A (data not shown). 
Because secretion was not observed from coleoptile tissue it was not 
considered for further experiments. 
Affects of DNP and Withdrawal of ABA on RNase I: It appeared that 
RNase I was either synthesized or that there was activ�tion of pre-
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formed enzyme due to treatment with ABA. It was assumed that synthesis 
of protein requires an energy source such as ATP. Since DNP is a 
known uncoupler of oxidative phosphorylation (18), it was used to 
compare alterations in secretion as_well as alteration to RNase 
activity within leaf tissue of the resistant cultivar. 
Figure 4 shows that all leaf samples incubated with ABA and DNP 
contained significantly less RNase activity than did tissue incubated 
20 hrs in ABA alone. The. loss in RNase activity from tissue incubated 
in ABA and DNP appears to be inversely related to an export of RNase 
into the incubation medium (Table 3). Tissue treated 20 hrs in ABA and 
DNP exported significantly greater amounts of RNase than did tissue 
incubated 20 hrs in ABA alone (0.4 1 vs 0.2 5  units of activity, 
respective ly). Due to the increased RNase activity in the bathing 
medium, along with the paralleled loss of activity in the tissue when 
incubated with DNP, it appears that DNP may causes an overall 
degradative affect on the plasma membrane which allows for increased 
export of RNase from the tissue. 
An additional variation in this study was to determine if RNase I 
would continue to increase in the tissue, or be secreted, if ABA was 
removed from the incubation media after an induction period. Tissue 
incubated 6 hrs in ABA, followed by 14 hrs in MES buffer, resulted in a 
significant increase in RNase activity compared to tissue incubated 20 
hrs in ABA alone (Fig 4) . This procedure also resulted in a 
significant decrease in RNase secreted from tissue when ABA was 
removed, compared to a treatment where tissue remained 20 hrs in ABA 
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(0.07 vs 0.25 units of activity, respectively). These results indicate 
that an initial stimulation by ABA caused an increase of RNase I 
activity, and removal of ABA does not irreversibly alter this 
activation process. The continued presence of exogenously applied ABA 
may have a pronounced effect on the plasma membrane which allows for 
either an increased leakage or active transport of protein. Stillwell 
and Hester (44) reported that ABA can increase membrane permiability by 
interacting with phosphatidylethanolamine. 
From the data reported here it is evident that ABA alone does not 
cause the same effects seen with DNP addition. Mansfield ( 3 0) reported 
that ABA itself serves as an uncoupler of oxidative phosphorylation. 
However, DNP caused a decrease in RNase activity in tissue, even in the 
presence of ABA, indicating either an activation of RNase I in tissue or 
that synthesis of new enzyme occurred. A supply of metabolic energy 
appears necessary for the changes observed. Varner and Mense (47 )  
showed that DNP inhibited both synthesis and secretion of alpha-amylase 
in barley aleurone layers and claimed that expenditure of oxidative 
phosphorylation energy is needed to move alpha-amylase to the plasma 
membrane. 
Since tissue samples which were incubated with DNP showed RNase 
activity levels significantly lower than tissue incubated without ABA 
or DNP, it appeared that removing the source of respiratory energy may 
have also caused a loss of membra�e function, allowing for leakage of 
cell contents. This was evident when comparing tissue protein levels 
where DNP appears to cause a greater loss. Tissue samples which were 
incubated in DNP and ABA contained approximately 5 0% of the protein 
resulting in tissue incybated in A BA alone (data not shown ) . The same 
was true for tissue incubated 6 hrs with ABA and DNP followed by 14 hrs 
in buffer, compared to tissue incubated 6 hrs in ABA followed by 14 h�s 
in MES buffer (.37 vs 1 . 0 milligram protein/ ml, respectively ) . The 
effect of DNP physically altering membranes cannot be disregarded in 
contrast to its role of uncoupling ATP needed to maintain biological 
function of membranes. 
It was also of interest to determine if removing the energy source 
produced by light would cause an effect on the secr�tion and alteration 
of RNase I activity in leaf tissue. Leaf tissue incubated with ABA for 
20 hrs was yellowish in color and rolled, appearing no different from 
that of non-treated 6-day tissue grown in the dark. Whereas tissue 
incubated in buffer alone became green in color and remained flat 
under laboratory light conditions. Similar results were reported by 
Poulson and Beevers (37) for etiolated barley leaf segments. Even 
though these results appear to show that ABA affects the chloroplasts 
by preventing the greening of the tissue, no difference was observed 
between the freeze-resistant and susceptible cultivar in the secretion 
or alteration of RNase I activity due to incubation in light (data not 
shown ) . These results suggest that light did not further enhance RNase 
I activity in barley leaf tissue caused by AB�. These results also 
indicate that incubation of tissue in light did not influence the 
transport of RNase I from excised barley leaf tissue floated on AB�. 
ABA affects on Freeze-Resistant vs Susceptible Tissue: The purpose 
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of this test was to determine if ABA would differentially stimulate 
secretion of RNase from. the freeze-resistant cultivar compared to the 
susceptible one. RNase I activity from the resistant tissue showed a 
significant increase of 29% when floated on ABA compared to tissue 
floated on buffer alone ( Fig 5) . By contrast, simil�r treatment of the 
susceptible cultivar resulted in no difference in RNase activity within 
the tissue as compared to tissue incubated without ABA. However, the 
susceptible cultivar did show a significant increase in the secretion 
of RNase into the incubation media when incubated with ABA ( Tab le 4), 
as compared to tissue incub�ted without ABA (0.15 vs 0.08 units of 
activity, respectively ) . By contrast, there was no significant 
difference in RNase act ivity from the incubation medium bathing the leaf 
tissue from the resistant cu ltivar with and without ABA, 0. 15 units and 
0.12 units, respectively. The�e results showed that ABA stimulated the 
secretion of RNase I from both cultivars of tissue. The susceptib le 
cultivar did not accumulate RNase I activity to the same level as the 
resistant tissue ( Fig 5 ), yet exported the enzyme to the same degree 
when stimulated by ABA and based on activity comparisions, suggesting 
that the two cu ltivars may differ in their export mechanisms. 
lNa�e Activity After Drought Stress: The possibility existed that 
exogenous ABA may influence the integrity of the p lasma membrane 
thereby causing leakage of RNase as opposed to an active transport. It 
was therefore desirable to seek a means for altering ABA within the 
tissue without direct application of ABA. Creelman and Zeevart (12) 
reported that desiccation of excised leaf tissue from Spinacia 
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aleracealas resulted in an increase of endogenous AB A levels by as much 
as 10-fold. The purpose of this test was to determine if desiccation 
of excised barley leaves would alter endogenous ABA levels and 
therefore affect RNase I activity. 
When leaf tissue from the resistant and susceptible cultivar was 
desiccated for one hour an approximate 2-fold increase in endogenous 
ABA was observed in tissue from both tissue sources ( Fig 6). However, 
after 3 hrs of desiccation, a significant difference between the two 
cultivars was seen. The resistant cultivar showed a 6 to 7-fold 
increase in ABA, whereas the susceptible cultivar showed a 10 to 11-
fold increase in ABA when compared to non-desiccated tissue. 
The resistant cultivar showed a slower loss of water f�om the 
tissue than did the susceptible cultivar ( Fig 7). Since ABA is known 
to close the stomata and reduce respiration (38), it is interesting 
-
that the susceptible cultivar, which contained a higher concentration 
of ABA, showed a faster rate of water loss. 
Tissue from the resistant cultivar which was desiccated for S hrs 
showed RNase activity equivalent to tissue only incubated 20 hrs in ABA 
( Fig 5 ). Desiccated tissue subsequently incubated 14 hrs in MES buffer 
showed an additional increase in RNase activity within the tissue as 
compared to desiccated tissue without incubation (2.8 vs 2.6 units of 
activity, respectively ) . Interestingly, susceptible· tissue which was 
desiccated 6 hrs �esulted in a s �gnificant increase of RNase activity 
within the tissue ( Fig 5 )  as compared to tissues only incubated 20 hrs 
in AB A (3.0 vs 1. 9 units of activity, respectively ) . In contrast to 
the desiccated tissue from the resistant cultivar, susceptible tissue 
�hich was desiccated 6 hrs, and then incubated 14 hrs in MES buffer, 
showed a significant loss of 13% RNase activity within the tissue as 
compared to desiccated tissue without incubation. 
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This data indicates that resistant and susceptible tissue have 
different responses to endogenous ABA as compared to exogenous ABA (Fig 
5 and 7). Additionally, the susceptible tissue which was desiccated 
and then incubated in buffer showed t�ice the secretion of RNase as did 
the resistant tissue which recieved the same treatment (0.14 vs 0.07 
units of activity, respectively, Table 4) . The difference in secretion 
of RNase I seen between the tissues of these two cultiva rs may also 
explain why resistant tissue increased the level of RNase activity in 
tissue when incubated in buffer alone, while the susceptible cultiva r 
lost activity due to incubation- in buffer (Fig 5 ) . An exp lanation for 
the differences seen in RNase I activity and in ABA content may-be that 
the resistant cultivar has a greater capacity to conve rt A·BA  to phaseic 
acid. Suggestions for this comes f rom Harrison and Walton (20) , Lin 
and Ho ( 28) Pierce and Rasahke (33), and Zeevart ( 5 1 )  who report 
metabolism of ABA to phaseic acid unde r stressed conditions . 
Tis�ue from both cultiva rs, which were d�siccated and further 
incubated in buffer, contained equivalent amounts of protein compared 
to tissue which was not incubated in buffer (data not shown). These 
data suggest that the export of RNase f rom tissue incubated in buffer 
alone was not due to leakage of cell con�ents, but due to a 
differential a lteration in the active export p rograms between the two 
cultivars. Since the level of RNase activity increased significantly 
in 3 hrs in both cultivars due to desiccation, it seems the gain in 
RNase activity would be to short to be explained by new transcription. 
These data suggest that increased RNase activity within the tissue and 
export from the tissue may be due to activation of pre-formed enzyme. 
Identification of RNase I Activity from Drought Stressed Tissue: 
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As with results from tissue incubated with 10-4M ABA ( Table 2, Fig 3), 
desiccated tissue from the resistant and susceptible cultivar showed an 
increase in only RNase I ( Fig 8) . Likewise, only RNase I was found in 
tha incubation medium from both desiccated resistant and susceptible 
tissue (data not shown ). 
Polynucleotide Assays with RNase I: It was of interest to 
determine if polynucleotide specificity would reveal a particular 
molecular form of RNase I as being influenced by ABA. RNase I f�om 
both cultivars showed no activity towards Poly-G and results for this 
substrate-are not shown. Poly-U showed no difference in RNase 
specificity between cultivars due to ABA treatment (Table 5)-. A 
significant difference was seen in the hydrolysis of Poly-C between 
cultivars when incubated with RNase I. The resistant cultivar showed 
greater activity toward Poly-C than did the susceptible cultivar, 
whether incubated with or without ABA. Increases in RNase I activity 
due to ABA resulted in a significant increase of activity towards only 
Poly-A for both cultivars. These results indicate that increases in 
RNase I due to stimulation by ABA may result from an increase in RNase 
I specific for Poly-A. Ho and Varner (22) have shown that ABA can 
decrease the GA3-enhanced synthesis of Poly-A-RNA in the barley 
aleurone layer, suggesting that ABA either inc reases synthesis or 
activation of enzymes specific for Poly-A hydrolysis, or inhibits 
synthesis of new Poly-A-RNA . 
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RNase Activity after Acclimation: This study involved a continuing 
effort to describe differences in the mechanisms for processing and 
distribution of RNase resulting from freeze selection in winter barley. 
Since desiccation of tissue raised the level of ABA, which appears to 
alter the secretion and activity of RNase I, it was of interest to 
determine if cold acclimation might also elevate the level of ABA and 
in turn might result in detectable alterations to RNase I activity. 
Several reports (17, 25, 39) have indicated that tre�tment with ABA can 
substitute for cold acclimation. This test was performed to determine 
if any relationships could be linked between elevated ABA levels and 
alterations to RNase I activity due to cold acclimation, similar to 
those seen in desiccated tissue. 
The level of ABA in 4-week acclimated tissue from both cultivars 
was equivalent to that seen in 6-day tissue which was non-acclimated 
and fully turgid ( Fig 6). It is possible that changes in the level of 
ABA occurred early in the acclimation process and after 4-weeks was 
again lowered to nonacclimated levels. Table 6 shows that from 0 to 4 8  
hrs after acclimation the leva! of RNase activity in both cultivars 
dropped below that of tissue taken directly from accli�ation 
conditions. If ABA did increase early in acclimation, then alterations 
to RNase may have also occurred prior to the time at which the activity 
meas ureme n ts were con d u c ted . Chen e t  a l . (9) d emons tra ted tha t l eave s  
o f  Solanum commers on i i  showed a 3-fold increa s e  i n  free ABA on the 4 th 
day o f  accl ima t i on and then d e c l i ned to the i r  in i t ia l l e ve l . Fu r ther 
s tud ies  are needed to f u l l y  d e s c ribe the rela t ions h ip be tween ABA and 
RNa se l e ve l s  in  re la t ion to co ld a c clima t i on . 
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SUMMARY 
RNase I act ivity measurements showed that exogenously appl ied ABA 
stimulated secretion o f  the enzyme from leaf t issue of two � inter 
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barley cultivars. Whereas enzyme export was about the same for each 
cultivar, the level of activity in lea f t issue was s ign if icantly h igher 
in the freeze-resistant compared to the susceptible cult i �r d ur ing and 
follow ing ABA treatment. When the ABA-conta in ing med ium was replaced by 
buffer, the rate of RNase I export was greatly reduced but enzyme 
act iv ity cont inued to increas2 in the res istant culiivar. 
Des iccat ion of leaf t issue for 3 hours caused s im i lar af fects on 
the secret ion of RNase I and an increase of  activity in the t issue, 
however, the magn itude of change d i ffered apprec iably be tween the 
cult ivars. Leaf tissue of both - cult ivars showed eq u ivalent 
increases in RNase I activity when des iccated. When lea f tissue o f  
both cultivars was incubated in buffer, following des iccat ion, the 
suscept ible cult ivar secreted tw ice the level of RNase I as compared to 
desiccated t issue of the res istant cult ivar. Increases in RNase I 
act ivity ca used by des iccation, or due to incubat ion w ith exogenous 
ABA, s howed greater spec i f ic ity for only Poly-A. 
Des iccat ion of lea f t issue caused an accumulat ion of  ABA in both 
cu lt ivars. The susceptible cultivar s howed appro Kimately twice the 
level of ABA after des iccat ion co�pared to the res istant cult ivar, 
which could accoun t for a greater rate of RNase I secretion. S ince 
secret ion o f  prote ins has been l inked wi th the endomembrane system 
( 24 ) , i t  ap p ea rs tha t ABA could  b e  i mp l i ca ted w i th s ome a l te ra t i on to 
this s ys tem . The s e  re s ul ts  s ugges t evi dence for  the exis tance o f  
compa rtmente d , ina c t i ve o r  incomp l e t e fo rms o f  RNa s e  I s uch a s  tho s e  
p re v ious ly rep o r ted f o r  o the r s ec re t o ry enzyme s i n  yea s t mu tan t s  ( 4 1). 
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Da ta rep o rted i n  t h i s  p ap e r  ind i c a te d  tha t e l e va ted leve l s  o f  
end ogeous ABA s t imu la ted d i f f e ren t ia l  s e c re t ion o f  RNa s e  I b e tween the 
two cul t i va rs s ugges t ing tha t the t i s s ues have d i f fe ren t e xp o r t  
p rograms f o r  RNas e .  Fur t he r  s t ud i e s  on the a l te ra t ion and s ec re t ion o f  
RNa s e  I d u e to t re a tme n t  w i th b i o log i ca l ly a c t i ve fo rms o f  AB A ,  a s  we l l  
a s  a s tudy i n to the changes w h i ch o c c u r  i n  ABA and RNa s e  l eve l s  d u r i ng 
ea r ly p e r iods  o f  cold  a cc l ima t ion , may revea l p re f e ren t ia l  end omemb rane 
pa thways or conve rs ions of ABA res u l t ing f rom f reeze s e le c t ion i n  
w i n ter  ba rley . 
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Tab le 1 .  Cha nges  in RNa s e  a c t i v i ty f ro m  leaf and co leop l t i le 
tissue o f  a f re e z e-res i s ta n t  c u l t i va r  when f l oa ted on ABA 
solution for varying i n t e r va l s . 
Mean ( n=2 ) 
Incubation Re la t i ve 
Inte rval ( hrs ) ABA a UA/RAb mg P / mlc Act iv i ty 
Leaf 
2 8  1 . 7 4  1 . 3 5 1 . � 8 
6 + 2 . 37 1 . 2 5 1 . 89 
1 2  + 2 . 9 4  1 . 2 8  2 . 2 8  
2 0  + 3 . 1 8 1 . 1 5 2 . 7 5  
2 8  + 3 . 0 7  1 . 1 6 2 . 6 3  
3 6  + 2 . 8 1  1 . 1 9 2 . 3 5 
Lsoo . o s 0 . 33 0 . 4 3  0 . 0 7  
Coleoptile 
2 8  2 . 9 8 0 . 3 7 7 .  9 6  
6 + 3 . 1 0 0 . 4 0 7 . 64 
1 2  + 3 . 5 8  0 . 4 4  8 . 1 4 
2 0  + 3 . 29 0 . 4 2 7 . 9 2  
2 8  + 3 . 34 0 . 4 2 7 . 9 1 
3 5  + 2 . 9 6  0 . 4 1  7 . 2 7 
LSDo . o 5 Ns
* 
0 . 0 7 Ns
* 
aconcentration o f  a bscisic acid was 1 X 1 0�4 M .  
bun i ts of  activity/ RNa s e  a s s ay ( See materia ls  and methods). 
cMg protein/ ml o f  s o l ub le ext ra c t ion medium. 
*F-fest was not significant (P < 0 . 0 5 ) . 
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Tab le  2 .  A compa r i s on o f  C on-A b ound and unbound RNas e  a c t i v i ty 
f rom lea f and co ledt i le t is s ue o f  a f reez e-re s is tan t c u l t i va r  
when f loa ted on AB A s o l u t ion f o r  va ry ing in terva l s . 
Mean ( n=2 )  
Incuba t ion  . Re la t ive 
Interva l ( hrs ) ABA a UA/RAb mg P / mlc Ac t i vi ty 
Lea f  unbound 
2 8  0 .  9 1  0 . 6 8 1 . 3 3 
6 + 1 . 29 0 . 5 6 2 . 3 0  
2 0  + 1 . 89 0 . 4 7  3.9 8  
3 6  + 1 . 5 2 0 . 4 7 3 . 2 3 
Lea f bound 
2 8  0 . 1 7 0 . 0 5 3 . 8 3 
6 + 0 . 1 4 0 . 04 3 . 4 2 
2 0  + 0 . 1 6 0 . 04 3 . 8 6 
3 6  + 0 . 2 1  0 . 05 4 . 2 1  
LSDo . o5 0 . 1 2 0 . 1 9 0 . 3 0 
Co leop t i le 
unbound 
2 8  0 . 3 7 0 .  1 3  2 . 8 4 
6 + 0 . 5 5 0 . 1 1  5 . 0 3 
2 0  + 0 . 7 0 0 . 09 7 . 5 2 
3 6  + 0 . 69 0 .  09 7 . 3 2 
Coleop t i le 
b ound 
2 8  0 . 6 1  0 .  Ol� 1 5 . 4  
6 + 0 . 7 4 0 . 05 1 6 . 5  
2 0  + 0 . 7 7 0 . 0 4 . 1 8 . 7  
3 6  + 0 . 5 7 0 . 04 1 3 . 2  
LS DO . 'J S  0 . 2 0 Ns* 1 . 0 
a , b , cs ee tab l e  1 .  
*F-Tes t wa s no t s ign i f i ca n t  ( P  < 0 . 0 5 ) . 
3 2  
) 
Table 3. RNase ac�ivi ty in the ba thing media afte r incuba ting 
leaf tissue f rom a f reeze-resis tan t cultivar f o r  20 hrs in 
varying combina tions of ABA , D NP , and MES buffe r. 
Mean ( n=2) 
Incubation Relative 
t rea tmen t UA/ RAa mg P / mlb Ac tivity 
20 h M ES 0 . 1 1  0 . 04 2. 7 5  
S h ABA , 0 . 0 7 0.05 1 . 4 0  
1 4  h :iES 
6 h ABA/ DNP , 0 . 1 2 0. 07 1. 7 1  
1 4  h MES 
6 h ABA , 0. 4 3  0. 07 6. 1 4  
1 4  h ABA/ DNP 
20 h ABA 0 . 2 5  0. 06 4 . 1 6 
20 h ABA/ D NP 0 . 4 1  0. 07 5. 85 
LSoo . o s 0. 03 0. 08 0. 3 7  
aUni ts of activi ty / RNase assay. 
bMg p rotein/ ml o f  soluble ext raction medium. 
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Tab le  4 .  RNas e a c t iv i ty s ec re ted into the ba th i ng med ia b y  lea f 
t is s ue fro m  a f reeze-res i s tan t  comp a red to  a s us cep t ib le c u l t i va r  
w hen incuba ted i n  e i the r  ABA ,  GA3 , o r  M ES bu f fe r . This i s  a 
comp a r i s on o f  RNa s e s ec re t ion  f rom lea f t is s u e which was 
incuba ted a f te r  a 1 3% f re s h  we ight los e ( des i c ca ted ) c o mp a red to 
incuba t i on of  non-d e s i cca t e d  lea f t is s ue .  
UA/RAa 
Means ( n= 2 )  
Incuba t ion - 13% 
Trea tmen t F . W .  Res i s tan t S u s cep t ibl�  Meanb 
2 0  h M ES 0 . 05 0 . 08 0 . 07 
2 0  h AB A 0 . 1 2 0 . 1 5 0 . 1 3 
1 4  h M ES + 0 . 07 0 . 1 4 0 . 1 1 
1 4  h GA3 + 0 . 07 0 . 1 0 0 . 09 
r.1eanc 0 . 0 8 0 . 1 2 
Lsno . o 5  0 . 0 1 0 . 0 2 
aun i ts o f  a c t i v i ty / RNa s e  a s s ay ( P ro te in va lues we re be low 
the d e t e c tab le range and thus rega rded as  ins ign i f i ca n t ) . 
bM ean va lues f o r  ea ch t rea tme n t be tween cu l t iva rs . 
cM ean values  b e tween t rea tmen t s  o f  ind ividual  cu l t i va rs . 
Tab le 5 .  A comp a r i s on o f  the hydro lys i s  ra te of  p o lynuc l e o t id es 
by R�as e I ( w i tho u t  a f f in i ty f o r  Con-A ) extrac ted f rom l ea f  
t i s s ue o f  a f reeze -res i s tan t and s us cep t ib l e  w i n t e r  ba r l ey 
c u l t iva r .  This tab l e  comp a r e s  the hyd ro ly s i s  ra te o f  RNa s e I 
from 6 -day non- t rea ted t is s u e , t i s s ue i ncuba ted 2 0  hrs in MES 
b u f f er o r  ABA ,  and t is s ue w h i c h  was been des i cca t�d f o l l owed by 
1 4  hr incuba t io n  in MES b u f fe r .  
T rea tmen t 
6-d c o n t r o l  
2 0  h M ES 
20 h ABA 
14 h M ES 
Meanc 
LSDo . o 5 
6-d C o n t ro l  
2 0  h MES 
20 h AB A 
14 h .MES 
Meanc 
- Lsno . o 5 
Lsoo . o 5 * 
6-d c o n t rol 
2 0  h M ES 
2 0  h ABA 
1 4  h MES 
Meanc 
Lsoo . o s 
- 1 3 % 





Mean ( n=2 ) 
Res i s tan t S us cep t ibl e 
Po ly-A 
0 . 3 0 0 . 2 3 
0 . 3 8 0 . 2 5  
0 . 45 0 . 2 8 
0 . 48 0 . 3 5 
0 . 40 0 . 2 8 
0 . 04 
P o ly-C 
2 . 1 1  0 . 5 5 
1 . 2 0 0 . 54 
1 . 6 6 0 . 5 6 
1 . 7 3 0 . 42 
1 . 6 7  0 . 5 2 
0 . 04 
0 . 09 
P o ly-U 
1 . 8 0 1 . 7 5  
1 . 8 2 1 .  7 3 
1 . 8 1 1 � 80  
1 . 8 5  1 . 7 7  
1 . 8 2  1 .  7 6 
0 . 04 
Meanb 
0 . 2 7 
0 . 3 2 
0 . 37 
0 . 4 1 
0 . 0 6 
1 . 3 3 
0 .  8 7_ 
1 .  0 7  
1 . 1 1 
0 . 0 6 
1 . 7 7 
1 . 7 7  
1 . 8 0 
1 . 8 1  
0 . 0 6 
aun i t s o f  a c t i v i ty /  RNas e a s s ay ( P r o te in a mo u n t  va r i e d  b e tw e en 
0 . 1 8  and 0 . 2 8 mg p e r  a s s ay g iv ing an a ve ra g e  of 0 . 2 3 mg . T h is 
va r iance was rega rded a s  ins ign i f ica n t  i n  thes e a c t i v i ty 
compa r i s o n s ) .  · 
bM ea n  va lues f o r  ea ch t rea tmen t b e tween cu l t i va rs . 
cMea n va lues b e twe e n  t re a t me n t s  o f  ind i v i d ua l c u l t i va rs . 
* LSDo . o 5 f o r  t he i n t e ra c t i on b e tw e e n  t rea tmen ts  and t i s s u e . 
3 5  
� . 
Tab le 6 .  RNa s e  a c t i v i ty ( i n  c ru d e  e x t ra c t ) f rom lea f t is s ue o f  
a f reeze-res is tan t and s us ce p t ib le cu l t iva r  o f  w in t e r  bar ley 
a f te r  a 4-week c o l d  a c c l i ma t i on p e r i od when incuba ted in ABA o r  
M ES bu f fer . 
T rea tme n t  I ncuba t l on 8 
0 h a t  2 5° C .  
2 4  h a t  2 5 °C .  
4 8  h a t  2 5°C .  
2 0  h M ES + 
2 0  h ABA + 
Meand 




Mean ( n=2 ) 
Res is tan t  S us cep t ib le 
2 . 3 1  2 . 1 8 
1 . 9 3  1 . 7 4  
2 . 1 1  1 . 80  
2 . 3 1 1 . 6 2 
2 . 6 3 1 . 4 7  
2 . 2 5  1 .  7 6 
0 . 07 
0 . 1 5  
Meanc 
2 . 2 5  
1 . 84 
1 .  9 6  
1 . 9 7  
2 . 0 5 
_ a .  1 0  
a rncuba t i on o f  exc i s ed ,  4 -week a c c l ima ted lea f t i s s ue · = + . 
bun i ts of  ac t i v i ty/ RNa s e  as s ay ( P ro te in amoun t va r ied b e tween 
0 . 3 0 and 0 . 4 6  mg per as s a y g i v i ng an ave rage of  0 . 4 0  mg . Th is 
va r i ance was rega rde d  as ins ign i f ica n t  in thes e ac t i v i ty 
comp a r i s ons ) .  
cMean va l ues  f o r  ea c h  t rea tme n t  be tween cu l t iva rs . 
dMean va lues be tween t rea tme n t s o f  ind ividua l  cu l t iva rs . 
*LSD 0 . 0 5 fo r in t e ra c t ion be tween t rea tme n t s  and t i s s ue .  
3 6  
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T I S S U E  T REAfMENT ( hrs ) 
M ES AB A G A 3  
0 0 0 
2 0  0 0 
2 0  0 ( 2 0 ) . 
20 ( 2 0 )  0 
2 0  ( 2 0 )  ( 2 0 )  
20 ( 2 0 )  ( 14)  
2 0  ( 2 0 )  ( 3 )  
. o  0 . 5  , . 0  1 . 5 2 . 0  2 . 5  3 . 0 J . 5  
UNITS O F  AC:IVITY/ ��a s e  AS S AY 
F igure 1 .  C hanges in un i ts a c t ivi ty /  RNas e a s say f rom f re e z e ­
res is tan t  lea f t is � u e  w h i c h  wa s - i� cuba ted f o r  va ry ing i n t e rva l s  w i th 2�  
�� �ES buf f e r , 1 0- M ABA , o r  10- M GA3 • P ro t e in amo un t va r ied 
b e tw een 0 . 2 0  and 0 . 2 6 mg p e r  a s s ay g iving a n  a ve rage o f  0 . 2 2 mg . This 
va r iance was rega rd ed a s  ins ign i f i ca n t  in thes e a c t ivi ty compa r i s o ns . 
Va lues in pa rent he s i s  ind i ca ta leng th o f  t ime tha t t is s ue was e xp o s ed 
to e ach o f  the amendme n ts , and w he re les s e r  va lues ind i ca te add i t i o n  a t  
the beg inn ing o f  the incuba t ion i n t e rva l s . Comb ine d to ta l incuba t io n  
o f  t is s ue neve r  exc eeded 20 hrs . S ingle ba r l ine = LSDo . o s � 
0 . 5 0 
0 . 4 5 
0 . 4 0 
0 .  E 2  
0 . 3 5 
0 . 6 G  e c: e c: 
""' 
C'\ 
0 0 . 3 0 
..0 
N ""' 
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F i g u r e  2 .  C ha n g e s  i n  RNa s e a c t i v i ty ( x ) and s o l u b l e  p ro t e i n ( o ) 
f ro m  f re e z e - res i s tan t l e a f t i s s u e in cuba t e d  in ABA ra n g i n g  f ro m  0 
to 1 0 0  m i c r o mo la r .  RNa s e a c t i vi ty was mea s u red a t  A2 6 0  a nd p ro t e i n 
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F i gu r e  3 .  E l u t ion p r o f i l e s  o f  RNa s e p a s s ed t h r o u g h  C on-A , w h i c h  
w e r e  s e c re ted f ro m  f re e z e - r e s i s tan t l e a f t i s s u e incuba t e d  f o r  e i t h e r  2 8  
h r  i n  2 0 m� � ES b u f f e r  (c ) , 6 h r  i n  1 0-4 M AB A ( x ) , o r  2 0  h r  i n  1 0-4 
ABA ( A ) . Ea c h  f ra c t ion ( 1  t o  6) , w h i c h c o n ta i n e d  RNa s e I ,  w a s  e l u ted 
w i t h 2 ml of 5 0  mM T r i s / HC l ( p H 7 . 4 ) , c o n ta i n i n g  0 . 1  �� e a c h  Cac 1 2 , 
M g C 1 2 , M g C 1 2 and 0 . 0 1 %  T r i t o n  X- 1 00 . F ra c t i o n s  7 t o  10 , w h i ch c o n t a ine d 
RNas e I I , w e re e l u t e d  w i t h t he s a me bu f f e r ,  w h i c h  c o n ta i n e d  5 00 �1 
a lp ha -me t hy l -D - ma nnopy rano s i d e . RNas e a c t i v i t y wa s mea s u re d  a t  A2 6 0  
3 9  
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UNITS � F  AC riVITY/ ��a s e  ASS AY 
Figure 4 .  C hanges in un i ts _ ac t i vi ty / RNas e as say from l ea f t is s ue 
of a freeze-resisE�nt cultivar i��uba ted for  va ry ing in te rva l s  w i t h 2 0  
�� � E S  buffer, 1 0  M AB A ,  or  10 M �A3 . P ro te in amoun t va ried 
between 0. 09 and 0. 20 mg p e r  a s s ay g i ving an a ve rage o f  0. 14 mg. T h is 
va riance was regarded a s  ins ign i f i can t in these a c t ivi ty compa r i s ons . 
Va lues  iq p a renthe s is  ind i ca te length o f  t i me that t issue was exp osed 
to each of the amendments, and whe re les s e r  va lues ind icate add i t ion a t  
the beg inn ing o f  the incubat i on interva ls. Combined total Jncuba t ion 
of t i s s ue neve r exceeded 20 hrs. S ingle ba r l ine = LSDo . o s · 
4 1  
TISSUE T I S S UE TREAT�E� ( hrs ) 
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U�ITS O F  ACTIVITY/ RNa s e  AS S AY 
F i g u re 5 .  A c o mpa r i s o n  o f  un i ts a c t i v i ty / RNa s e  a s s a 1  c o n ta in ing 
e xt ra c t s f rom 6 -hr d e s i c ca ted o r  non-d e s i c ca t e d  lea f t i s s ue each of a 
f re e z e - res i s tan t ( Herb ) and s us ce p t ib l e  ( w 4  Ma l t ) c u l t i va r  i n c ub a t e d  
p re v i o u s ly in e i t he r  20  �� MES b u f f e r , 1 0 - M ABA , o r  1 0-4 � �A3 . 
P ro t � i n amo unt va r i e d  b e tw een 0 . 1 9 a n d  0 . 2 4 mg p e r  a s s ay g i v i ng an 
a ve ra g e  of 0 . 2 2  mg . T h i s  v a r i a n c e  wa s rega r d e d  as i n s ign i f i ca n t  i n  
t h e s e a c t i v i ty comp a r i s ons . V � l u e s  i n  p a ren thes is ind i ca t e  leng th o f  
t i me t ha t t i s s u e w a s  exp o s ed t o  e a c h  o f  t he a mend men ts . C o mb i n e d  t o t a l 
i n c uba t i o n  o f  t i s s ue n e ve r e xc e e d e d  2 0  hrs . S ingle ba r l i n e = LSDo . o s
· 
3 . 5  
2 . 0  
1 . 5 
� 1 . 0 
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F igu re 6 .  Lea f t i s s ue a ccumu la t i on of AB A du r i n g  a 6 hr-d es i c c a t i o n  
p e r iod compa red t o  4-week c o ld  a c c l i �a ted t is s u e  f ro m  a f reeze­
res i s tan t and s us cep t i b le c u l t i va r  of � in t e r  ba rley . AB A samp le s  � e r e  
d e r i va t i zed w i th d ig�ome thane a n d  q uan t i ta ted on a Va r i an 3 7 0 0  GLC 
eq u ipped  w i th a [ S i
. 
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F i g u re 7 .  A c o mp a r is o n  o f  t he a ve r3 g e  1. wa te r l o s s f ro m  e xc i s e d  l e a f 
t i s s ue o f  bo t h  a f re e z e- re s i s t a n � ( ---) and s u s c ep t i b l a  (---0 cu l t i va r  
o f  w i n t e r  b a r l e y . ( X) ind i ca t e s  d a ta p o in t s  f o r  t he res i s ta n t  cu l t i va r  
a nd (c ) ind ica t e s  da t a  p o i n t s  f o r  t he s u s cep t i b l e  cu l t i va r .  
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F R A C T I O N S  F R A C T I O N S  
F i g u r e  8 .  E l u t i o n  p ro f i l es o f  RNa s e  a c t i v i ty p a r t i t i oned f ro m  c rude 
e x t ra c ts b e tween C on -A b o un d  and u n b o und f ra c t i on s  f ro m  b o t h  a f r e e z e ­
r e s i s ta n t  [ A ]  and s us c ep t ib l e  [ B )  c u l t i va r  o f  w i n te r  b a r l ey . E x t ra c t s 
w e r e  o b ta ined f ro m  2 -g ra m  s a mp l e s  o f  l e a f t i s s ue w h i c h re c i eved t he 
f o l l ow i n g  t r e a tmen t s : ( x )  6 d a y  c o n t r o�4 ( o )  20 h r  incuba t i on in 2 0  �� 
M ES bu f f e r ,  ( 6) 2 0  hr i n c u b a t i o n  i n . 1 0  M ABA , and ( 0) 6 h r  
d e s i c ca t i on , f o l l ow e d  by 1 4 h r  i n  2 0  mM M ES b u f f e r . E a c h  f ra c t i on ( 1  
t o  6 ) , w h i c h  con ta ined R Na s e I ,  w a s  e l u t ed w i th 2 m l  o f  S O �� T r i s / H C l  
( p H 7 . 4 ) ,  c o n ta i n in g  0 . 1  mM CaC 1 2 , MgC1 2 , MnC 1 2 a n d  0 . 0 1 %  T r i ton X- 1 0 0 . 
F ra c t ions 7 to 1 0 , w h i ch c o n ta i n e d RNa s e  I I , we re e l u te d  w i t h the s a me 
b u f f e r ,  w h i c h  con ta ined 5 0 0  mM a lp ha -me t hy l -0 -ma nn op y ra no s id e . RNa s e 
a c t i v i ty was mea s u re d  a t  A2 6 o · 
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